Traditional project investment methods, such as the discounted cash flow (DCF) with a fixed static plan, are no longer sufficient to assist the corporate strategies of seizing opportunities and profitability. The option pricing formula includes a theoretical framework for pricing financial options, assuming that the risk in a financial hedged position is zero, if the option is adjusted continuously in a short position. Hence, the real options revolution arose in response to the dissatisfaction of corporation practitioners with traditional capital budgeting techniques, such as standard discount cash flow. This paper analyzes relevant articles from the "Journal of Operations Management" and "Management Sciences" as related to real options theory in the field of operations management. The goal of this study is to review and identify the gaps in application to real option theory in their studies. Finally, this paper provides suggestions for future researchers.
1.Introduction
In today's highly competitive business environment, corporate managers must constantly make decisions in response to the rapidly changing marketplaces, including new product introductions, information systems, research and development, as well as outsourcing of manufacturing. Company strategies must be flexible and agile in order to seize the opportunities and profitability. If managers can learn from their mistakes, and make adjustments to execute different options, companies can more quickly reach a higher profit than their competitors. Yeo and Qiu [1] mentioned that many of these managers now recognize that the traditional project investment methods, especially the discounted cash flow (DCF) based measures are no longer sufficient in the current rapidly changing environment. Traditionally, the DCF method provides a fixed static plan and expects that future plans will not be altered. However, this is no longer a suitable method. This study will provide an overview of real options theory and investigate the relevant literature to determine the gaps which occur when real options are implemented in the operations management field.Furthermore, this study will present some relevant propositions and pertinent questions for managers in decision making processes.
Overview of Conventional Real Options Theory
Black and Scholes [2] published the option pricing formula in 1973 with a theoretical framework for pricing financial options; specifically, they provide the basic assumption and equation that stock values follow a lognormal distribution progress,
where S is the price of the stock, μ is the drift rate of S, t is a time in years, σ is the variation of the stock's returns, and z is a Wiener process.Generally speaking, an option provides the holder the right to purchase or sell a share of stock at a specific price. The holders have the right to purchase a stock when it is a "call" option, and they also have the right to sell a stock when it is a "put" option. An organized traded call options started in April 1973, and in June 1977 the trading of put options followed [3] . An American option indicates that the option can be exercised at any time before maturity or the expiration date, whereas a European option can only be exercised on the expiration date. One early pricing theory proposed by Black and Scholes [2] states that at the maturity date and under risk neutral conditions, the price of a Euro-pean call option has a closed solution. They assume that the risk in the financial hedged position is zero if the option is adjusted continuously in a short position; however, if the position is not constantly modified, the risk is minimal, and is comprised entirely of risk that can be spread by shaping a portfolio of a great number of hedged positions [2] . The mathematical analysis for financial options through diversifying the risks has led to Cox and Ross' [4] [4] . However, the risk neutral valuation may not be realistic for the business environment under many uncertainties and changes.
New Directions for Real Options
Trigeorgis [5] indicated that the real options revolution arose in response to the dissatisfaction of corporate practitioners using traditional capital budgeting techniques, such as standard discount cash flow. Yeo and Qiu [1] point out that the real options applications assist managers to gain a broader perspective and opportunities rather than a particular valuation. Thus, various investment scenarios can be seen as groups of options. Furthermore, the main difference between applying real option methods and financial options is that real options are relevant to real resources which are tangible, including machinery, factory, etc. Conversely, a financial asset normally includes stocks and bonds. Some other distinctions between the financial options theory and the real options involve financial options having a shorter life-such as less than one year of expiration date, whereas real options can be long-lived. Additionally, financial options are fairly simple with a single exercise price, but the exercise price for real options differs from time to time. Yeo and Qiu [1] provide an example that investing in research and development (R&D) produces an option to implement a technology with unknown benefits. If the investment is successful, there is a succeeding option to increase the product line. When the product is at the end of product stage, there is the option to abandon it. Moreover, the market position of the company may exercise the option to be influenced by a series of options and optimal timing.Amram and Kulatilaka [6] state that applying an options-based approach is not merely the use of a new method of valuation equations and models. In fact, it involves a new approach of structuring strategic decisions. The managers must consider a sequence of strategies such as potential gains for the corporation by moving from position A to position B. It is similar to a decision tress with various options opening down to the decision paths.
Uncovering each step through the real options can be difficult. Real options are different from the financial options because real options are not specifically defined or clearly packaged. However, the options are actually present in many business decisions. Amram and Kulatilaka [6] and Yeo & Qiu [1] indicate some of the hypothetical examples of the most general types of real options: "Timing options, Growth options, Staging options, Exit options, Flexibility options, Operating options, and Learning options."These common types of real options assist the companies to increase the scale by enhancing the upside potentials profits, without raising the downside of the risks. The next section will present some relevant articles which discuss the application of real options theory in the field of operations management.
Literature Review of Real Options Applications in Om
Journal of Operations Management and Management Science are two well-established journals in the field of operations management research. The following literature review presented in this paper will focus on the relevance of real options applications within these two journals as related to practicing real options in OM and the application of simulation methods. Amram and Kulatilaka [6] address the flexibility options when demand is uncertain for new products; however, forecasts imply that sales targets would be reached across two continents. Thus, the managers should decide whether to build a single plant in one continent or two plants on two continents. The flexibility option will be taken into account when the value of the option outweighs the costs saved by only building one plant. In another study, Jack and Raturi [9] infer that volume flexibility assists the handling of the aggregate demand uncertainty. Volume flexibility allows the company to change production upwards and downwards within broad limits. However, the implementation of flexibility in capabilities may not be easily exercised or accurately measured. Therefore, modular product design permits firms to buffer processes with a list of "modules" in which the span of processes can be buffered resulted in increasing demand uncertainties. Additionally, modular product design and a list of "modules" improve the volume flexibility by generating options for the firm which did not exist before. Their research applied the findings into a survey of 140 valid business respondents to see how each firm employs its resources to accomplish volume flexibility. The results indicated that both small and large firms depend on overtime source as a key shortterm option of volume flexibility; however, small firms are more efficient at using inventory and capacity buffers (short-term sources) of volume flexibility to react to variations in demand while large firms are better stand on taking competitive advantage through the long-term sources (such as supply chain networks and outsourcing arrangements) of volume flexibility. The findings further suggest that volume flexibility for short and long-term sources has a positive impact on both delivery and financial performance.
Application of Real Options in the OM
da Silveria [10] describes the challenge for many operations seeking flexibility without any negative effect on expenditures, quality, delivery, or performance. The flexibility model which included 285 manufacturers of fabricated metal products, machinery, and equipment from 14 countries revealed that flexibility competence could be built by structuring simplicity and discipline in manufacturing. da Silveria further stated that simplicity without lowering the number of options offered to the firm should deliver a rationalized process that is easier to adapt and reconfigure to altering requirements; likewise, discipline, as opposed to "stiffening procedures and skills," will enable a firm to response to changes in the marketplace, while promoting improved practices and work processes. The results provided the flexibility improvements have a positive relationship between simplicity and discipline in manufacturing. Especially, the relationships were stronger in high volume processes than in low volume processes.
Sawhney [11] applied flexibility simultaneously between the reactive and proactive approach to assist managers with their daily operational decision making among the supply chain systems. The reactive approach is addressed when organizations deal with different types of uncertainty which extend from the up and down to the basic task within the firm. As for proactive approaches, it has been argued that flexibility can be used proactively to generate competitive advantages for a firm. Thus, the area of flexibility is hierarchical, and it bi-directs from up to downstream or vice-versa within a single firm. Moreover, the flexibility under application of reactive and proactive is in a sequential approach which provides additional options for managers planning strategies across the supply chain to create value for the customers and the firm.
Furthermore, Pagell and Krause [12] have considered the relationship between uncertainty and flexibility, and between flexibility and performance. However, their study presented doubts regarding the earlier results. Pagell and Krause replicated the model of Swamidass and Newell [13] and focused on surveys but found no relationship between increased uncertainty and increased flexibility under cross-industry sample of manufacturing firms. Additionally, there is little supporting evidence when higher levels of flexibility in uncertain environments were associated with higher levels of performance. Thus, it was suggested that a more thorough research study should involve industry and business strategy.
Under mass customization, customers are highly involved in specifying the product, whereas manufacturers can produce high volumes of products. In other words, customers can purchase a customized product without sacrificing economies of scale from the cost of a mass production item. Additionally, during mass customization, the manufacturers must attend to each customer's specifications in product design. Duray et al. [14] recommended that the manufacturers employ a modular design to achieve manufacturing efficiencies to approximate the standardization of mass production. Their study found that utilizing the modularity in the later phases of production may improve performance for mass customizers. Moreover, the results showed that when mass customizers approach mass production, profitable scales of economy and better financial performance can be achieved.
Dilts and Pence [15] studied whether the role of decision maker-project manager or executive sponsorwould impact the termination a public sector project. Different functional managers have different project perceptions while an individual manager interprets the projects differently; therefore, this will affect how the managers' decisions whether to continue or terminate the projects. Moreover, other reasons to terminate the projects include how much effort and money the managers have devoted, how rapid and uncertainty the external environment changes, or how big or small the scale of the projects are. Also, there are tendencies for individual decision makers to add more resources (sunk costs) already consumed in a failed project. The final finding from Dilts and Pence's study indicated that two key factors have statistically significant difference between executive and project managers. Executives think that variance in overall project complexity and in time to completion are less significant than the project managers. In other words, project managers (when compared to executives) have a higher tendency to terminate a project which is running overtime.
Folta, Delmar, and Wennberg [16] applied the hybrid entrepreneurship to study how individual's decision to opt for self-employment. They defined hybrid entrepreneurs as individuals who take on self-employment while holding a primary job in some other organization. The authors described that the hybrid entrepreneurship is most likely to experience the entrepreneurial waters before becoming fully immersed into self-employment. Through this experience, individuals can learn the venture's potential advantages whether they can adapt to the self-employment surroundings. When individuals are less confident, this mode of entry might assist them to limit their sunk costs while they collect evidence to better understand the unknown capabilities. Furthermore, a real option may be characterized under small-scale entry with hybrid entrepreneurship to invest heavily when early returns are showing and to retire if they are not. This situation can also be explained by determining when the switching or opportunity costs are high; the individual might delay being fully self-employed. Research has shown that the hybrids often leave wage work and join self-employment when there is a positive signal about performance prospects; however, the hybrids may leave their self-employment while there is a negative signal. Otherwise, individuals might stay in hybrid status until there is a clear signal. This leads to the conclusion drawn that hybrid entrepreneurship is attractive due to its avoidance ofswitching costs such as losing retirement benefits, healthcare, or seniority status to maintain the flexibility and option value related to delay entrepreneurial access. The next section will provide some simulation designs that may occur under real options applications.
Simulation Method Applications in OM
Managers are often concerned about making tough decisions that require choosing among various competing designs within the firms' manufacturing, supply chain, or service delivery system. Simulations can be a part of methods to assist the managers for determining alternative designs. However, the time needed to do the simulation or which given simulation results to implement is another important decision for the managers. Thus, if the goal is to choose the high-level system design with maximize expected net present value (NPV), the manager may encounter more simulations to decrease the uncertainty or delay in project implementation by applying more simulations. Ranking and selection procedures which provide a preferred level of statistical evidence in best performance are one of the frequent approaches for selecting a finite set of simulated systems. Additionally, Chick and Gans [17] stated that the ranking and selection methods attempt to minimize the mean number of simulations necessary to achieve a preferred level of statistical evidence for appropriate selection. However, it was emphasized that the statistical significance might not be the same as financial significance; therefore, when simulation results and system performance are used as financial measures, the maximization of expected NPV can be a more appropriate objective. The simulations are based on managers having prior confidence regarding the distribution of the NPV of these. Eventually, the authors designed their study to respond to the issue under simulation with financial measures such as marginal cost under optimization controlto apply operational decisions.
Gamba and Fusair [18] stated that real options theory presents an ordinary framework to achieve value creation from modular design. Furthermore, they explain that the modularization process is a detailed description which can be defined by a number of parameters and their associations. Additionally, they point out that a module is determined by a group of strongly interconnected factors that are typically independent from the factors of other modules. Similarly, Baldwin and Clark [19] indicated that module design is to exhibit modularity in design under a complex system. If the modularitysegments can be constructed independently, the design The results show that there is no evidence to support higher levels of flexibility in uncertain environments when associated with higher levels of performance. A parsimonious framework is developed to assist the managers whether to patent under consideration for a financial institution.
JOM
will interconnect to support the whole. Furthermore, Gamba and Fusair considered six operators (splitting, substitution, augmenting, excluding, inversion, and porting) which can be defined as options were chosen to describe the evolution from a nonmodular design to a modular design. Thus, there is a need to link modularity and real option theory to practice. In addition, Gamba and Fusair combined Baldwin and Clark's six modular operators to implement the simulations with each operator. Thus, the purpose for these operators is intended to create value, while the natural valuation application depends on claim analysis employed to optional investment decisionswhich comprisereal options theory. Financial institutions, which are also applicable for real options, often develop different types of innovations in financial services and products. In order to protect these innovations, financial managers have the option to decide whether to obtain patents, patents and licensing, or none at all. Kumar and Turnbull [20] mentioned that without such measures, the innovating institution has no legal right to seek a judgment if there is imitation. Therefore, while larger financial firms generally patent, nonfinancial institutions file for more patents compared to financial firms. Please see Table 1 .Literature Review Summary.
Identifying the Gaps in the Literature & Propositions
Based on the literature review above, this section identi-fies the lack of real world applications for option theory. Weiss and Maher [8] clearly applied real options (hedging) to understand how airlines manage to alleviate the risk.However, while many firms incorporate flexibility into their strategic planning, the studies do not specifically apply real options theory into the research. For example, both Jack and Raturi [9] and da Silveria [10] used flexibility for their research on volume productions. However, they did not consider whether building flexibility increases the overall corporation value. Thus, these studies could have included Mello, Parsons, and Triantis [21] 's flexibility study in sourcing its production to hedge exchange rate risk in financial markets. The degree of flexibility for production is directly link with the firm's financial policy. Therefore, the following propositions are established:
• Proposition 1. Higher degree of production flexibility is positively related to a firm's willingness to hedge its financial assets. For example, Sawhney [11] studied options for both suppliers and customers' flexibility to reduce the manufacturing uncertainty. He provided a transformation framework of flexibility for his model. Also, he discusses how flexibility assists the companies to reduce costs. Nevertheless, the manner in which these different flexibilities affect the financial impact of the firms is not addressed. Pagell and Krause [12] studied the flexibility and firms' performance, and they tried to evaluate the flexibility with some financial impact such as growth in sales and returns for the firms. However, they did not find a significant relationship between the flexibility and performance. Duray et al. [14] utilized mass customization with modular design to achieve high performance. Since a positive relationship between mass customization and financial performance was observed, I contend that:
• Proposition 2. The higher the mass customization utilized in the firm, the more likely it is to build stronger flexibility in the firm and its financial performance. Many research studies have presented different options and provide simulations to investigate which option can offer the highest value for the corporations. These options and simulations are usually predetermined by the managers who make the final decision, resulting in the highest value of simulation. Thus, these options are quite difficult to utilize in real world examples. For example, Boyabatlı and Toktay [7] provided some real options among operational flexibility. The firms have options whether or not to engage in a multinational investment by obtaining a level of profits. As real options apply to manage the risk of inventories related to uncertain demand, retailers and manufacturers often arrange reordering contracts, or call options which permit the retailer to purchase additional merchandise at a pre-decided time for a fixed price and return contracts, or put options which let the retailer to return unsold products at a predetermined salvage value [22] . According to Pandza et al. [23] , by delaying investments through waiting for market and technology uncertainty to diminish, the real options logic can identify the value available to firms by waiting before proceeding into a larger commitment.
• Proposition 3. Higher uncertainty in market and technology will delay firms' decisions to proceed with additional investment. Overall, the above analysis reveals that the gaps between real world applications and utilizes real options practices to assist managers in deciding the companies' future strategic planning. The propositions facilitate some direction for managers when utilizing option theory.
Implications and Future Research Directions
From the above discussion, it is evident that a fundamental gap exists between utilizing real option and simulation in real world scenarios. Since it is important for managers to simulate some options before applying the flexibility model, the risk of the uncertainty when the firms invest in any future projects can be alleviated. Several of the articles cited above for flexibility applications such as da Silveria [10] , Sawhney [11] , Jack and Raturi [9] , Pagell and Krause [12] , and Duray et al. [14] , and with Gamba and Fusari's [18] for simulation under modularity valuing can be expanded to establish some research questions and models. Due to the above research implementation of slightly different flexibility approaches, this section of the present study focuses on Sawhney's [11] article regarding some questions that could be extended when applying real options under certain simulations. In Table 2 , the author studied the upstream (supplier flexibility) and downstream (customer flexibility) and the relationship between input, process, and output flexibility. While not addressing any values to help the firms' generate higher revenue, Sawhney indicates that flexibility will impact the suppliers and customers' flexibility. Therefore, the managers can ask: Which flexibility option can assist the firm to generate the most value through implementation of those decisions? By implementing the flexibility option in each stage, does the firm create incremental value by taking advantage of theupside potential profits? Sawhney specified sixteen propositions for his research; in this study, it is proposed that this research could be modified by using each of his propositions as an option to determine whether to implement or delay the actions under consideration.
Since Black and Scholes' [2] original option pricing formula was proposed in 1973 to Cox and Ross' [4] risk neutral valuation model, options have been applied from the financial field to various business areas. Corporations have utilized options to help firms alleviate the uncertainty and risk, thereby allowing them to increase value and profits. Many researchers have published related topics in applying flexibility and real options in some of the research. Specifically, JOM includes several articles related to flexibility for their studies and MS focuses on how to implement real options in simulation form. Due to the challenges of institutionalizing the process to connect the real option theory in actual scenarios, few articles have been published on the application side. This review defines the gaps, proposes propositions, and builds on Sawhney's study to arrive at some research questions for the real option decision within a flexibility approach. It is hoped that this proposal can assist managers to make better decisions in generating corporate profits while dealing with the uncertainty and avoiding risk.
